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required for the survival, proliferation, and development
of hematopoietic progenitors (Nagai et al., 2006) merits
widespread attention and will surely be the object of
further investigation. Does TLR engagement drive pro-
genitor cell development by a molecular mechanism
that parallels the normal, cytokine-signal pathway(s) or
via some unknown receptor crosstalk? If the latter,
where and how might the signaling pathways of TLR
and growth factor receptors intersect? Given that LPS
and Pam3CSK4 acted as cytokine surrogates only in
MyD88-sufficient cells, a starting point for these ques-
tions is clear, even if the answers are not. Regardless
of how TLRs influence hematopoietic fate decisions,
the possibility that HSCs listen and respond to environ-
mental cues requires a new appraisal of just how innate
immunity and acquired immunity are intertwined.
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669Pre-T Cell Receptor’s
clashing Signals:
‘‘Should I Stay or Should I Go’’
In this issue of Immunity, Kersh and colleagues (Xi
et al., 2006) investigate the regulatory network that
permits two otherwise clashing cellular processes—
proliferation and gene rearrangement—to occur at
temporally distinct periods following the formation
of the pre-T cell receptor (pre-TCR) complex.
At a critical time during T cell development, known as
b selection, immature CD42 CD82 double-negative
(DN) thymocytes expressing a pre-T cell receptor (pre-
TCR; a productively rearranged TCR-b paired with
a pre-Ta) receive a set of signals that mediate cellular
survival, proliferation, differentiation to the CD4+ CD8+
double-positive (DP) stage, cessation of TCR-b gene re-
arrangement, and initiation of TCR-a gene rearrange-
ment (von Boehmer and Fehling, 1997). b selection is
driven by the pre-TCR and encompasses the first
checkpoint of T cell development, and, as such, cells
that fail to generate a TCR-b chain do not proceed along
the ab-lineage differentiation pathway. At the center of
b selection lie two incompatible cellular processes,
i.e., induction of proliferation and initiation of gene
rearrangement.
Expression of the pre-TCR triggers a complex differ-
entiation program (Michie and Zu´n˜iga-Pflu¨cker, 2002).
However, the signaling pathways and genetic regulatory
networks that mediate the various aspects of b selectionhave not been fully elucidated. Among the earliest tran-
scriptional changes induced by pre-TCR signals is the
expression of the zinc finger transcription factor, early
growth response gene-3 (Egr3) (Xi and Kersh, 2004a,
2004b). In previous studies, Kersh and Xi demonstrated
that Egr3 expression is rapidly and transiently induced
in b-selected cells. Using a transgenic overexpression
system, they investigated the effect of sustained ex-
pression of Egr3 past the b selection checkpoint and
noted increased apoptosis of DP cells and altered TCRa
rearrangement. These effects resulting from ectopic
expression of Egr3 in DP thymocytes were due to a
reduced expression of Bcl-xL and the thymic isoform
of the retinoic acid receptor-related orphan receptor-g
(RORgt), which are necessary for DP survival (Sun
et al., 2000). These initial findings begged the question
of whether Egr3 regulates RORgt directly or indirectly.
The answer appears to be yes, as both effects seem
to be in operation (Xi et al., 2006).
In the present work, Kersh and Xi take advantage of
a variety of experimental model systems, including
a DP cell line to examine the function of RORgt expres-
sion in blocking proliferation and to analyze RORgt
promoter regulation by Egr3. They also make use of
ChIP-mediated cloning to uncover a new RORgt
transcriptional target, mCPEB4, an RNA binding protein
that appears to inhibit cell division. Additionally, Egr3-
transgenic mice and Egr3-deficient mice are employed
to demonstrate an inverse correlation between Egr3
and RORgt expression, which they show to be due to
Egr3-induced expression of the E protein inhibitor Id3
that prevents E2A (E12/E47)-dependent RORgt expres-
sion. Of interest, they also report a direct association
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670Figure 1. A Schematic Overview of the Pro-
posed Regulatory Network that Serves to
Control Thymocyte Proliferation in Response
to Pre-TCR Signals
The proposed signaling network encom-
passes differentiation events from the dou-
ble-negative (DN) to the double-positive
(DP) stage as indicated in the timeline. After
pre-TCR signals, Egr3 expression is acti-
vated, and Id3 is induced and blocks E pro-
tein (E2A) function. This block in E2A function
results in low RORgt expression, allowing for
proliferation. Over time, Erg3 activity drops,
E2A activity increases, and RORgt expres-
sion and function are induced, leading to
quiescence and TCRa rearrangement.between RORgt and Egr3 by coimmunoprecipations
and by mammalian two-hybrid interaction. The authors
propose a mechanism of direct binding by which Egr3 is
able to prevent RORgt from inducing target gene ex-
pression even when RORgt is already present or ectop-
ically expressed. All of these experimental approaches
allowed Xi and colleagues to propose a set of transcrip-
tionally controlled steps that elucidate how pre-TCR
signaling makes use of the rapid and transient expres-
sion of Egr3 to induce Id protein expression, resulting
not only in a loss of E protein-dependent RORgt expres-
sion but also directly affecting RORgt function and pre-
venting its ability to induce the expression of antiproli-
ferative genes, such as mCPEB4. Additionally, the loss
of E protein function, as mediated by Egr3, would en-
able b-selected cells to enter the cell cycle (Engel and
Murre, 2004). In this model, the transient nature of
Egr3 expression permits the gradual induction of RORgt
expression and function.
Kersh and Xi provide us with a complex regulatory
network, which includes Egr3, Id3, E proteins (E2A),
RORgt, and mCPEB4 as the main players (Figure 1), to
explain how the pre-TCR induces rapid proliferation that
is followed by a state of quiescence to allow for TCRa
rearrangement. However, Egr32/2 and Id32/2 mice dis-
play only a partial or no block in DN to DP transition, re-
spectively (Rivera et al., 2000; Xi and Kersh, 2004a), so it
is likely that this interplay represents only a small piece
of a larger puzzle, and deciphering the entire picture will
allow us to fully understand the complex set of events
that instructs thymocytes whether they should ‘‘stay’’
and proliferate or ‘‘go’’ on to induce gene rearrange-
ment. Indeed, a more complete view of the transcrip-
tional network initiated by b selection will necessitate
an integration of many additional key factors, some of
which include Tis21 (Konrad and Zu´n˜iga-Pflu¨cker,
2005), cMyc, cMyb, HEB, p53, NFkB, NFAT, b-catenin-
TCF1, and Notch (Aifantis et al., 2006). Additionally,
there are likely other important players that remain to
be recognized as part of the pre-TCR-induced regula-
tory network.
With this in mind, future efforts are needed to bring
into focus a more complete picture of all the critical
transcriptional players, which serve to integrate thesignals that emanate from the pre-TCR. This level of
understanding will facilitate the elucidation of how
pre-TCR signals differ from those that are generated
by the gd-TCR in developing thymocytes and thus
mediate a very different differentiation outcome. One
of the novel findings by Xi et al. (2006) is the demonstra-
tion that mCEPB4 expression is regulated by RORgt
activity and that mCPEB4 appears to function as an in-
hibitor of cell cycle progression. Little is known about
how mCPEB family members operate; thus, additional
work is needed to better understand their function
during thymocyte development and to uncover how
their expression impacts on the events surrounding
b selection.
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